ABSTRACT
INTRoDucTIoN
The direct immunofluorescence (DIF) is a powerful adjunctive modality for adequate pathologic evaluation of renal biopsies and guides the resolution of the differential diagnosis in a patient with glomerulonephritis (GN). 1 It is used along with histopathology (HPE) and electron microscopy to correctly diagnose renal diseases. At our 900 bedded tertiary care referral center in North India, we had the unique opportunity to develop DIF facilities separately in the department of immunopatholgy. In the last few years of this practice, great insights have been developed regarding the strength and pitfalls of this technique which are highlighted in this paper. This study is aimed at providing the spectrum of renal conditions observed over a period of 1 year as well as practical difficulties that a practicing nephropathologist would face while using DIF technique as it is practiced in very limited centers in India. This facility needs to be started in the peripheral state/Government and private medical colleges to help detect renal diseases for proper therapy and management. Our paper is an initiative to create an awareness within this vast country regarding this technique.
MATeRIAlS AND MeThoDS
A total of 250 consecutive renal biopsies were analyzed. Two cores of renal biopsies were obtained from each patient by percutaneous needle biopsy. One core for light microscopic examination was fixed in 10% formalin and embedded in paraffin and then stained routinely with hematoxylin and eosin, periodic acid-schiff (PAS) stain and Jones stain. Second core meant for direct immuno-jpmer fluorescence microscopy (DIFM) was immediately frozen and embedded in OCT (optimal cutting temperature) compound. The cryostate section were cut and the standard DIF was performed using FITC conjugated antisera against human IgG, IgA, IgM, C3 and fibrinogen. The glomerular and extraglomerular location, intensity and pattern of staining were observed, recorded and reported. Glomerular staining was categorized as mesangial or capillary wall or both. The distribution was described as focal or diffuse and segmental or global. Capillary wall staining was described as granular or linear. The histopatholgy and DIF slides were reported by two separate pathologists and later compared to conclude a final diagnosis. Clinical information was collected from the data submitted by the nephrologists along with biopsy.
ReSulTS
A total of 250 renal biopsies were received in the department of immunopatholgy over a period of 1 year. In them, six biopsies were from postmortem cases and 27 biopsies were referred from outside where corresponding histopathological biopsies and reports were not available with us. In 20 cases, renal biopsies were not adequate for either routine light or DIF microscopic analysis, i.e. in nine cases were nonrepresentative and in remaining 11 cases no glomeruli were seen and only medulla was included in the renal biopsies. So, final analysis was performed in the remaining 197 biopsies. Among 197 cases, 116 were males and 81 were females. Two cores examined by HPE and DIFM yielded a final diagnosis in 98% cases. In 2% (5 cases; 4 cases with a 'descriptive' label and 1 case of amyloid like nephropathy) of renal biopsies, a need was felt for additional diagnostic aids like electron microscopy to reach a conclusive diagnosis. The overall frequencies of different renal diseases are shown in Table 1 . It can be seen that primary GN was the most common kidney disease in our patients accounting for 151 (76%) of all patients. Among the primary GN, focal segmental glomerulosclerosis, FSGS (40%) was the commonest followed by membranous glomerulopathy (12%). IgM nephropathy was not found. Most cases of the primary GN were diagnosed in 2nd and 3rd decade of life as shown in Table 2 . The most common indication for renal biopsy was nephrotic syndrome (NS) followed by rapidly progressive renal failure. Table 3 shows the clinical syndromes presenting in each histological category.
IgA nephropathy accounted for 5% (10/197) of total renal biopsy diagnoses and 7% (10/151) of primary glomerular diseases. The commonest mode of presentation was nephritic syndrome followed by hematuria. Majority of cases fell into class IV (5 cases) followed by class II (3 cases).
The commonest secondary GN was lupus nephritis (9%) followed by amyloidosis (2%) and diabetic nephro pathy (1%). Vascular nephropathy was the least common diagnostic category including one case of malignant nephrosclerosis. Changes of tubulointerstitial nephritis (TIN) were seen in 13 cases. There was no case of hereditary glomerular disease and antiglomerular basement membrane (GBM) GN in this analysis indicating a low incidence of these conditions in our population.
Seventeen cases fulfilled the clinical, serological and immunopathological criteria of lupus nephritis, one was male and others were females. All 17 cases were positive for antinuclear antibodies (ANA). Most common clinical presentation was asymptomatic urinary abnormalities No significant changes 6 3:3 Amyloid-like nephropathy 1 0:1 (11 cases) followed by NS (3 cases). Class IV was the most common pathological subgroup (Table 4) . Direct immunofluorescence findings in kidney biopsies: Of 197 cases, DIF examination was done in all cases, among these 160 (81%) showed positive immunofluorescent fin dings while 37 (19%) showed no immune deposits. These 37 cases included 10 cases of minimal change glomerulopathy, five cases of chronic GN, two cases of FSGS, two cases of membranoproliferative GN (MPGN), one case of membranous glomerulopathy, one case of mesangioproliferative GN, 12 cases of TIN, and two miscellaneous cases and one case each of diabetic nephropathy, and acute tubular necrosis (ATN). Extra glomerular immune deposits, i.e. vascular deposits as well as tubular deposits on DIFM were also recorded. C3 reactive vascular deposits were observed in 26 cases including 22 cases of FSGS, two cases of lupus nephritis and two cases of pauci-immune crescentic GN. Granular deposits in renal tubules were found in two cases only; one case of FSGS and one case of IgA nephropathy. Table 5 highlights the frequency of immune deposits in primary GN.
In FSGS, IgM alone was the commonest immunoreac tant (95% cases) found. C3 alone was seen in 30/63 and IgM in combination with C3 in 25 cases (Fig. 1) . Twentythree biopsies showed normal morphology on HPE but were found to have FSGS on DIFM. Two cases labeled as FSGS on HPE showed no immune deposits on DIF (Table 6 ). Immunopathologic studies in membranous glomerulopathy showed typical findings (Fig. 2) . IgG deposition was found in 23 (96%) cases, followed by IgM (42%) and C3 (42%). IgA positivity was noted in one case. Only one case (Table 6 ).
In eight biopsies of minimal change glomerulopathy, immunoglobulis were absent from the glomeruli while 3 biopsies showed low intensity (only 1+) IgM reactive deposits localized to the mesangium. DIFM from cases of IgA nephropathy showed diffuse granular mesangial IgA deposits with the intensity ranging from 2+ to 4+ (Fig. 3) . In addition, five cases of IgA nephropathy belonging to class V showed glomerular capillary wall staining as well. 90% cases showed mesangial deposits of IgG and 50% showed that of IgM, although in each case the overall intensity of staining for IgA was as great as that for either of the other immunoglobulin. Mesangial granular deposits of fibrinogen were noted in three cases. Extraglomerular IgA and C3 reactive deposits were seen in one case within renal tubular epithelial cells.
The cases of type I MPGN as well as diffuse proliferative GN (DPGN) that demonstarted positive results on DIFM, showed IgM and C3 reactive immune deposits in glomerular capillary walls and mesangium in all biopsies (Fig. 4) . Only in two cases where DPGN was suggested on findings of diffuse lumpybumpy deposits of IgG and/ or C3 in enlarged lobulated glomeruli, did the diagnosis match histopathological findings. There were five cases that were labeled as MPGN on DIF, were DPGN on histology and 1 case diagnosed as DPGN on DIF showed findings typical of MPGN on histology (Table 6) .
Out of a total of 18 cases of crescentic GN, 10 were diagnosed as pauci-immune crescentic GN. Seven of 10 cases showed complete absence of glomerular immunofluorescence staining for immunoglobulins (Fig. 5 ) while 2 showed 1+ mesangial staining for IgG, IgM and C3 and were anti-neutrophilic cytoplasmic antibodies (ANCA) negative on serology. None of these showed IgA reactive mesangial deposits. Two of 10 cases were P-ANCA positive while seven cases were ANCA negative. None of these showed positive serum ANA results. Eight cases were given a diagnostic label of immune complex crescentic GN. All these cases showed immune deposits in the glomerular capillary loops as well as in the mesangium with C3 being the commonest immunereactant followed by IgM and IgG. Serum ANA and ANCA results were staining. In another case of HUS, no fibrin was demons trable but segmental IgM and C3 were seen. One case of diabetic nephropathy showed nonsignificant immunofluorescence findings and was given a 'descriptive' label on DIFM while another case did not show any immune deposits. One case reported as malignant nephrosclerosis on histopathology showed IgM reactive immune deposits in glomerular capillary walls only. None of the 13 cases of TIN showed immune deposits on DIFM.
Out of seven miscellaneous cases, one was diagnosed as amyloid like glomerulopathy, clinically presented as steroid resistant NS and showed mesangial expansion with irregular BM thickening and splitting (confirmed by PAS and Jones stain) on light microscopy. Stain for Congo red and thiofalvin T was negative. The granular IgG and IgM deposits in membranous pattern were observed on DIFM so lebelled as membranous glomerulopathy. This case highlights the need to use sophisticated tool like electron microscopy. 2/6 miscellaneous cases reported as 'descriptive' on HPE, negative in all these cases and SLE was also excluded. Five cases of chronic GN did not show immune complexes on immunofluorescent microscopy as the disease becomes quiescent in a fibrotic kidney.
The predominant immune deposits in lupus nephritis (Fig. 6) were IgG, IgM and C3 with equal frequency (16 cases, 94%) and fibrinogen in crescents in four cases. IgA deposition was seen in 12 of 17 (71%) renal biopsies including one of the two cases of membranous lupus nephritis (class V). Full house staining for immunoglobulins was observed in 12/17 cases. Vascular deposits with C3 were noted in two cases while tissue ANA with antiserum to IgG (in diffuse pattern similar to that observed in serum ANA testing) was seen in one renal biopsy specimen.
All four cases of amyloidosis showed negative immunofluorescence results with IgG, A, M and C3 but showed 3+ positivity with thioflavin T in the glomeruli, tubules and in the walls of the blood vessels (Figs 7A to C). In HUS, on DIFM fibrin could be demonstrated in one of the two cases along with 2+ IgG and 2+ IgM mesangial 
Amyloid like nephropathy did not show any significant changes with two biopsies being entirely normal on HPE and demonstrated nonspecific immune deposits on DIFM. These biopsies were finally given a descriptive label. No conclusive diagnosis could be made in these four cases.
DISCuSSIoN
World over renal biopsy histopathology is known to facilitate diagnosis and registry of disease pathology.
The adjunctive technology of DIFM on another biopsy core was first reported from India from department of Immunopathology, PGIMER in 1980 by Sehgal et al. 2 She documented the presence of immune complexes in the postmortem kidneys of patients dying of viral hepatitis. In 1995, the same group described IgA nephropathy in North India. 3 Date et al 4 in 1987 from CMC Vellore described the largest series of renal biopsies of which 285 had immunofluorescence findings. Presently experience of renal biopsy diagnosis has been described from centers in Kerala, Hyderabad, Chandigarh, New Delhi and West Bengal. 410 The need of the hour is to have renal biopsy diagnostic units in government/private medical colleges to facilitate timely diagnosis and treatment of renal diseases. NS was the most frequent clinical presentation at all age groups accounting for 54.3% of all cases. 415 This is in accordance with the many other studies published around the world including Asiatic countries. 415 Overall a male predominance is noted except lupus nephritis where an increased prevalence was found in females, again conforming to the recently published studies worldwide showing a similar pattern. 415 The most common renal disease in our series was FSGS (40%) followed by membranous glomerulopathy, MPGN/DPGN, MCD. This observation is slightly deviating from other previous studies from our country where MCD was found to be the commonest followed by FSGS. 410 In comparison to
European countries as well as some Asian countries, IgA nephropathy was found to be relatively uncommon in this region of the world with a prevalence ranging from 5 to 14%. [16] [17] [18] [19] [20] [21] [22] Lupus nephritis has been documented as the most common secondary GN almost across the world.
415
DIFM has distinct advantages. Diseases like IgA nephropathy, IgM nephropathy, C1q nephropathy and antiGBM glomerulonephritis can only be diagnosed by immunohistology, whereas the diagnosis of other diseases is confirmed and refined by DIFM. It is of a great help in categorizing crescentic GN into immune complex GN and pauci-immune GN thus facilitating recognition of ANCA associated nephropathy. 23 It picks up early and late cases of idiopathic membranous glomerulopathy. Diagnostic features in idiopathoic membranous glomerulopathy are very well appreciated on light microscopy except in early disease when capillary walls appear normal and in late disease when GBM thickening is relatively nonspecific by light microscopy. This subtlety of light microscopic changes in some cases of membranous glomerulopathy poses a difficulty in distinguishing it from some other causes of NS including minimal change glomerulopathy and certain forms of chronic GN. In these early and late cases, uncertainty regarding the diagnosis of membranous glomerulopathy can be resolved using DIFM. 24 It also picks up a larger number of early FSGS cases. Recognizing a segmental glomerular lesion is critical as no matter how small or focally distributed FSGS is, removes the patient from the category of minimal change glomerulopathy and alters the therapeutic implication. The presence of 'significant' glomerular immune deposits on DIFM excludes a diagnosis of minimal change glomerulopathy. It aids in grading of lupus nephritis. It is of great benefit in diagnosing amyloidosis as thioflavin T immunofluorescence is much more sensitive than congophilia in detecting small deposits of amyloid. 25 This technique has numerous pitfalls and difficulties too, which should be borne in mind while using it for renal disease diagnostics. DPGN/type I MPGN is a difficult issue to be resolved on DIFM without the knowledge of histopathology, as the two lesions have near identical immunofluorescence findings, i.e. coarsely granular capillary wall staining with C3 and/or Igs. However, it is known that MPGN being a heterogeneous disease remains a difficult diagnostic dilemma for the patho logist with sometimes electron microscopy serving as a valuable adjunct. It cannot distinguish between periglomerular fibrosis and crescents. It can be processed only in the sophisticated laboratories that are proficient in the performance and interpretation of these tests. It requires thoroughly trained team comprising of pathologist and a technologist in a specialized lab having facilities of cryostat for cutting frozen sections, -20º/80ºC deep freezers to store these sections until staining and a fluorescence microscope to report the DIF findings. The renal biopsy is best examined in an unfixed state. It is fragile and should be transported in ice within 1 hour of biopsy as it is prone to drying. Also, it gets fixed on exposure to formalin vapors so extreme care is required in handling the biopsy. The fluorescence staining quenches rapidly on exposure to light, more so under the UV light of the fluorescence microscope, demanding a fast reporting A B C jpmer and documentation of findings using a digital camera.
No long-term storage period is ideal for reporting of DIF stained renal biopsy slides. Dried and/or fixed biopsies are reported unfit for DIFM. In our study also there were 6 cases of primary GN where no immune complex deposits were seen on DIF. Here in the inability to demonstrate immune complexes in classical cases of histopathology proven MPGN (2 cases), FSGS (2 cases) membranous GN (1 case), and mesangioproloferative GN (1 case) was attributed to technical problems, namely exposure to formalin vapors/drying up of the biopsies sent for DIF examination. This again highlights the importance of experience in handling of unfixed kidney biopsies, meant for DIF studies.
Four cases, where descriptive nonspecific findings were present on both HPE and DIFM in spite of significant clinical symptoms, remained undiagnosed. EM in these cases might have helped by excluding early membranous disease, early amyloid, abnormal basement membrane in normal looking glomeruli by HPE. 26 Sometimes, the follow-up and clinical behavior of the patient provides the true diagnosis. The present study is a retrospective one, where in no follow-up data were available and this also is a gross limitation in our analysis. Thus, the correct diagnosis of glomerulonephritis requires DIFM in parallel with light microscopic examination and also correlation with clinical features as well as serological and biochemical parameters.
